Objectives. The aim of the study was to assess knowledge and attitudes of medical residents working in Università Cattolica del Sacro Cuore, Rome, Italy, on genetic tests for breast and colorectal cancer. Methods. We distributed self-administered questionnaire to the residents. Logistic regression models were used to evaluate the determinants of knowledge and attitudes towards the tests. Results. Of 754 residents, 364 filled in questionnaire. Around 70% and 20% answered correctly >80% of questions on breast and colorectal cancer tests, respectively. Knowledge on tests for breast cancer was higher among residents who attended course on cancer genetic testing during graduate training (odds ratio (OR): 1.72; 95% confidence interval (CI): 1.05-2.82) and inversely associated with male gender (OR: 0.55; 95% CI: 0.35-0.87). As for colorectal cancer, residents were more knowledgeable if they attended courses on cancer genetic testing (OR: 2.08; 95% CI: 1.07-4.03) or postgraduate training courses in epidemiology and evidence-based medicine (OR: 1.95; 95% CI: 1.03-3.69). More than 70% asked for the additional training on the genetic tests for cancer during the specialization school. Conclusion. The knowledge of Italian residents on genetic tests for colorectal cancer appears to be insufficient. There is a need for additional training in this field.
Introduction
Since the first global look at the content of the human genetic code, published more than a decade ago [1] , it became clear that the implementation of genomic medicine has the potential of bringing clinically important advances, to rival those of any other major discovery in the history of medicine [2] . In this context, doctors have been envisaged as the key players in properly incorporating emerging DNA technologies in the health care system [3, 4] , leading to calls for enhanced genomic education for healthcare professionals.
Nevertheless, several studies conducted in USA, Europe, and Canada showed unsatisfactory level of clinicians' ability to use genetic tests in clinical care [3] [4] [5] .
Recent research showed that providing genetic educational outreach to doctors has a positive impact in improving their competency and confidence in the use of genetic testing to guide prevention or treatment decisions [6] [7] [8] . Although the importance of genomic education for health care professionals has been recognized even before completion of the Human Genome Project [9] , many physicians do not feel to have a proper training and knowledge [3, 4] .
Genetic tests for breast and colorectal cancer, if used appropriately, have been demonstrated to be efficacious and cost-effective [10] . However, Marzuillo et al. reported a significant lack of knowledge on BRCA1/2 and APC tests among Italian medical doctors [5] , irrespective of their specialty. Along similar lines, we conducted survey on Italian doctors attending postgraduate medical schools in order to examine the level of education they had received on genetic tests for breast and colorectal cancer during their recent medical training.
More specifically, our objective was to assess knowledge, attitudes, and educational needs of Italian residents related to the use of genetic tests for breast and colorectal cancer, particularly the BRCA1/2 and APC tests, irrespective of the field of specialization.
Methods
A self-administered anonymous questionnaire was distributed in 2011 to all the residents enrolled at the Gemelli Teaching Hospital of the Università Cattolica del Sacro Cuore in Rome, Italy. The total number of eligible participants was 754, and the number of surveyed postgraduate schools was 43.
A similar questionnaire was previously used and validated in a study conducted on a sample of Italian medical specialists [5] . It comprises questions designed to assess (i) demographic and professional characteristics; (ii) knowledge and attitudes towards genetic tests for hereditary breast and colorectal cancer; (iii) self-assessed level of knowledge and training needs.
Knowledge of genetic tests for breast and colorectal cancer was investigated with three questions, each using a three-point options Likert scale ("agree, " "uncertain, " and "disagree"). Additional four multiple-choice questions were designed to evaluate the residents' knowledge of prevalence of hereditary breast cancer and inherited forms of colorectal cancer and of penetrance of BRCA1/BRCA2 and APC mutations (two each).
Attitudes towards genetic tests for breast and colorectal cancers were assessed with seven different questions, also using a Likert scale evaluation.
The final set of questions required the residents to assess their own perceived level of knowledge according to a four-answer format ("inadequate, " "sufficient, " "good, " and "excellent"), and training needs ("yes/no" answer).
Statistical Analysis.
A descriptive analysis was conducted to report demographic, social, and professional characteristics of responding residents. For the questions on knowledge and attitudes of residents towards genetic testing for breast and colorectal cancer, we calculated the proportions of correct answers (plus 95% confidence intervals (CI)). We considered residents who gave 80% correct answers for each form of hereditary cancer as knowledgeable. A general positive attitude towards predicative genetic testing was defined as the presence of a positive attitude in at least 70% of the questions assessing the attitude. 
Results
Of the initial number of 754 eligible for inclusion, 364 residents responded (overall response rate 48.3%).
The demographic and professional characteristics of responding residents are reported in Table 1 Table 2 reports the correct answer rates in relation to each particular question. The knowledge on test for breast cancer was higher among residents who reported having attended a specific cancer course on genetic testing during their graduate training (OR: 1.72; 95% CI: 1.05-2.82) ( Table 3) . Male gender was inversely associated with knowledge on tests for breast cancer (OR: 0.55; 95% CI: 0.35-0.87) ( Table 3) . Residents who attended a specific cancer course on genetic testing during the graduate training (OR: 2.08; 95% CI: 1.07-4.03) as those who took postgraduate training courses in epidemiology and evidence-based medicine (EBM) (OR: 1.95; 95% CI: 1.03-3.69) showed higher knowledge on test for colorectal cancer (Table 3) .
Residents' attitudes towards genetic testing for breast and colorectal cancer are reported in Table 4 . A total of 45.6% showed positive attitude in at least 70% of questions. Less than half appeared to comply with principles of efficacy (attitude number 2, 48.3%) and cost-effectiveness (attitude number 3, 46.3%) in this field (Table 4) . When we analyzed predictors of positive attitude towards genetic testing; only personal family history of breast and/or colorectal cancer (OR: 1.74; 95% CI: 1.11-2.71) appeared to be significantly associated. Table 5 reports the self-estimated level of knowledge on genetic tests for breast and colorectal cancer and training needs of participants. More than half of our sample (178/364, 50.6%) described their knowledge as poor and 84.6% (296/364) declared that they did not feel qualified to prescribe genetic tests (Table 5) . Conversely, 87.8% (309/364) of them declared that is was important for them to increase their knowledge in this field ( Table 5 ). The majority of residents felt that more training time should be allotted to genetic testing during medical studies (289/364, 82.3%) or specialization school (263/364, 74.7%) or through specific postgraduate courses (289/229, 65.4%). 
Discussion
Our study reports unsatisfactory level of residents' knowledge on genetic tests for colorectal cancer and on prevalence of hereditary forms and penetrance of APC mutations. We identified female gender and attendance to cancer genetic testing courses during graduate training to be predictors of a better knowledge of genetic tests for breast cancer. An attendance to cancer genetic testing courses during the graduate training and postgraduate training courses in epidemiology end EBM were associated with better knowledge on genetic tests on colorectal cancer. Although the vast majority of participants recognized the important role of genetic tests in prevention, as well as the need for evidence-based guidelines, complex prevention strategies, and genetic counseling, the principles of efficacy and cost-effectiveness appear to be not so widely accepted. The self-assessment revealed that participants are not satisfied with their own knowledge of genetic test and that they do not feel qualified to prescribe them. However, the need for training in this field during graduate and postgraduate studies was clearly recognized. Some surveys already reported lack of knowledge among medical doctors on genetic tests for cancer [5, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Nevertheless, most of these were conducted among specialists, while only one referred to residents [18] . Younger age [20] and recent graduation from medical school [21] , as well as being in medical practice less than 10 years [11] , have been previously reported as predictors of better knowledge on genetic tests and increased confidence in using them in everyday practice.
Marzuillo et al. [5] previously reported insufficient knowledge on genetic test on breast and colorectal cancer among Italian specialists. Although our study showed relatively more satisfactory results in relation to tests for breast cancer, knowledge on genetic tests on colorectal cancer among residents in our study was also fairly low, indicating the need for further improvement in specialists formatting process. Finally, our results clearly pointed the need for additional education in field of genomics as exposure to genetic test during graduate training as well as postgraduate training courses in epidemiology and EBM were associated with higher knowledge on genetic test for breast and colorectal cancer.
Attitude of medical doctors is crucial for the dissemination and implementation of new medical technologies. Although residents in our study have shown high rates of some individual positive attitudes towards genetic testing, only a minority showed positive attitude in all issues. Furthermore, the majority of residents do not recognize the importance of the principles of efficacy and cost-effectiveness in genetic testing. Similar results were obtained from the survey on Italian specialists, who also did not show costconscious behavior regarding genetic tests [5] . This could lead to introducing of genetic test in clinical practice for commercial purposes only. Having that in mind, specific educational programs and trainings are needed in order to promote more cost-conscious behavior of physicians.
We found that family history of breast and/or colorectal cancer was a significant predictor of positive attitude towards genetic testing. This is to be expected, as personal experiences represent a major influence in determining individual attitudes, and those with positive family cancer history were personally motivated to find out more on genetic tests.
Residents in our study have deemed their knowledge of genetic tests for breast and colorectal cancer insufficient. Insufficient level of knowledge on genetic test has been previously self-reported among medical doctors several times [5, 15] . Our residents also reported a high level of interest in additional training in this field. As earlier studies also reported readiness of physicians to attend additional courses on genetic testing [5, 11, 15, 18] , an organized approach to genomics education is needed in order to make the best use of available genetic testing resources.
Our study has some limitations. Firstly, we have conducted our research among residents working in the same hospital, so the results may not be reflecting the knowledge and attitudes of the Italian residents' population. Secondly, our nonresponse rate was relatively high; thus we do not have data on age and gender structure of nonresponders. Although it is not likely that age could differ between responders and nonresponders, as most of the residents belong to the same age group, the difference in gender structure may be an issue as we recognized gender to be factor for knowledge in some specific fields. Nevertheless, our study is, to our knowledge, first in Europe reflecting the knowledge and attitudes of residents on genetic tests and can be valuable in assessing knowledge, attitudes, and educational needs of young doctors in training on a wider scale.
In conclusion, knowledge of Italian residents on genetic tests for colorectal cancer appears to be insufficient. There is a need for additional training in field of genetic tests during graduate and postgraduate studies as well as during specializations. The principles of efficacy and cost-effectiveness in genetic testing are not fully accepted among residents. Specific educational programs are needed in order to promote more cost-conscious behavior.
